The agricultural use of olive processing waste is a strategic resource in the integrated management of the agricultural system as it satisfies the two objectives of evacuating the olive-processing residue and using it beneficially for agricultural purposes. For such aims, a research was conducted in Bari (South of Italy) to study the effects of the incorporation into the soil of increasing amounts of non-fermented wet pomace (WP) (0, 17.5, 35, 70, 105, 140, 175, 210 Mg ha ; an opposite trend was observed for the seed oil yield. The incorporation of WP has also affected the oil fatty acids' composition. Oleic and linoleic acids, the principal fatty acids (beyond 90% of total fatty acids), showed significant variations: from the control treatment to the one receiving the maximum application of waste, oleic acid decreased (-5.4%), linoleic acid increased (+ 6.6%), and the saturated fatty acids fraction decreased (-7.6%).
Introduction
The agricultural use of agro-industrial waste is a strategic resource in the integrated management of the agricultural system as it meets the twofold objectives of evacuating olive-processing waste and using it beneficially for agricultural purposes (Ceccon, 2001) .
The disposal of olive waste is a common problem to all the Mediterranean countries (Bonari et al., 2001) , which is still related to vegetable water (Paris, 1998; Ceccon, 2001 ) and has been studied for a long time (Andrich et al., 1986; Proietti et al., 1988; Balice et al., 1990; Bonari and Ceccarini, 1991; Saviozzi et al., 1991; Wlassics et al., 1992; Bonari and Ceccarini, 1993; Amirante, 1996) . However, currently it is being substituted by the disposal of Wet Pomace (WP) (Casa et al. 2001) , as the regulations in force (D.L. n. 99 of 27.01.92, L. 574/96) classify it as a conditioner and allow its controlled spreading onto the soil.
The agricultural use of wet pomace is allowed in three possible alternative ways: -The application of 210 Mg ha -1 of waste once every 3 years; -The application of 2/3 of the maximum amount (140 Mg ha -1 ) in the first year, and 1/3 (70 Mg ha -1 ) in the second year; -The application of 1/3 of the maximum amount allowed every year. In Italy, where the soil organic matter content is low while the Mediterranean climatic conditions contribute to its fast mineralization, incorporating of Wet Pomace WP on the agricultural soils could increase their fertility (Papini et al., 2000) .
Nevertheless, like all vegetable water, WP has some negative impacts when used in agriculture; they are related mainly to the difficulty of fully incorporating it into the soil, and for its toxic effects on plants due to the presence of high amounts of polyphenols (Rice, 1979; Lynch, 1980; Marambe and Ando, 1992) which have, however, a quick decay (Riffaldi et al., 1990; Comacho et al., 2000) . Moreover, the oil residues in WP reduce the activity of the soil microflora and its multiplication (Olivier, 1993) . During the WP spreading, the applied material might encounter severe difficulties to be bound with the soil particles, and some toxic effects might appear on the crops, especially during the emergence phase, when higher amounts of WP ) are applied. In fact, Bonari and Ceccarini (2000) observed that, during the germination, young sunflower plants in direct contact with WP particles showed a reduced and a slower growth with respect to plants grown in the untreated soil or when a low amount of WP (up to 70 Mg ha -1 ) was added. Besides, based on the evaluation of yield parameters (total biomass produced, calathide weight, yield and unit mean weight of seeds) they found statistically significant differences in relation to different rates of WP tested, with negative results starting from 70 Mg ha -1 of applied waste.
The results of the conducted researches reported in literature usually indicate that the farming practices that promote seed formation and oil yield may result also in a better acid composition of sunflower seed oil (Monotti, 2002) . In human nutrition, the nutritional quality of sunflower oil depends on the contents of both monounsatured and polyunsatured fatty acids. From one hand, a diet rich in oleic acid helps to reduce the cholesterol in blood plasma and thus the risk of coronary diseases (Grundy, 1986; Grundy, 1989; Miller et al., 1987; Yodice, 1990; Deplanque, 2000) ; moreover, a high level of oleic acid ensures a high thermal-oxidative stability during the frying process. From the other hand, linoleic acid is also an important constituent of human diet as it is considered an essential fatty acid; its absence causes neurological disorders (Holman et al., 1988) . The oil fatty acids composition depends not only on sunflower genotype (standard and high oleic hybrids) but is also related to the climatic conditions and the cultural practices of oil producing areas In fact, the levels of oleic and linoleic acids in sunflower seed oil could be affected by the nitrogen fertilisation (Pritoni et al., 1999) , temperature (Fick 1984; Garcès et al., 1989; Anastasi et al., 2001) , sowing time (Pritoni et al., 1999; Anastasi et al., 2000; Flagella et al., 2002) , varieties (Monotti et al., 1999; Laureti et al., 2000) , water supply (Santonoceto et al., 1999; Baldini et al., 1999 Baldini et al., -2000 Santonoceto et al., 2003) and salt stress (Francois, 1986; Tedeschi et al., 1997; Flagella et al., 2004; Cucci et al., 2004 ); yet, researches on the effects of incorporating olive processing waste into the soil are still poor (Cucci et al., 2005) . As a consequence, a research was undertaken at the DSPV of Bari University with the aim of evaluating the effect of the soil incorporation of increasing amounts of WP on Sunflower (Helianthus annuus L.).
Materials and methods
The test was carried out in the experimental field close to the Faculty of Agriculture of Bari University (Italy), within a long-term study aiming at evaluating the effect of the soil incorporation of increasing amounts of wet pomace (WP) on a series of crops (sunflower-wheatwheat), grown in pots (0.72 m in size and 0.60 m deep), located outdoors and filled with a clayloam soil which characteristics are given in Table 1 .
The experiment was arranged by randomized blocks with six replicates. Eight increasing levels of WP with 65% moisture level (0 control, 0.7, 1.4, 2.9, 4.3, 5.7, 7.2, 8.6 kg pot -1 , corresponding respectively to 0, 17.5, 35, 70, 105, 140, 175, ) were applied. Olive pomace was taken from an oil mill and spread onto a ploughed soil during winter.
After spreading, olive waste was immediately ploughed in; and after two months, the soil was refined in order to prepare the seedbed for the cleaning crop. During the soil incorporation of wet pomace, it has been necessary to go several times through the ploughing as mixing it with the soil particles was not easy. Some inconveniences were observed mostly due to the failure in blending the spread waste and the soil, and as result, pomace particles were distinguishable for a long time on the surface of the treated pots.
Sunflower (cv HS 90), a high oleic hybrid, was sown on 29 April 2002, by drilling seeds in two drills per pot 0.4 m apart. After emergence, seedlings were thinned to two plants per pot. Just after sowing, to facilitate seed germination and plantlet emergence, the crop was irrigated by fresh water so as to re-establish field capacity in the top 0.2 m layer. From plant emergence to the end of the irrigation season, irrigation was applied whenever 30% of the maximum available water was lost by evapotranspiration and bringing it back to field capacity. Plants were harvested on September 5 th 2002 and the following biometric, yield and qualitative parameters were determined: plant height and shoot dry biomass, calathide diameter, number and weight of seeds per calathide, 1000 seeds' weight, oil yield and content of the main fatty acids; the procedure of the fatty acids' analysis is explained in the following paragraph. The data were subject to the statistical analysis as described below and are shown in Tables 2 and 3 and plotted in Figure 1 .
Analysis of fatty acids
The achenes were dried in ventilated oven and then homogenized in a blender (Waring Laboratory Blender, 06055 New Hartford, Connecticut, USA). The oil was extracted from seed meal by using a CEM model MDS 2100 microwave extractor (CEM Corporation, 28106-0200 Matthews, North, Carolina, USA) under the following conditions: the extraction vessels were loaded with about 1 g of seed meal and 50 mL of diethyl ether.
The microwave oil extraction method was proved to be as accurate and precise as the traditional one (Soxhlet), and even faster since it required about 40 min at 105 °C vs 6-8 hours for the Soxhlet extraction. The recovery data obtained from the two extraction methods were statistically not different when compared by linear regression procedure (the regression equation was y = -0.001+1.012.x, R 2 = 0.999, and intercept and slope were not different from 0 and 1, respectively, at P < 0.05).
After removal of the meal from the liquid phase by filtration, the oil was recovered by solvent evaporation, and submitted to the methylation treatment using the official method (EEC, 1991) .
The fatty acid composition was determined by using a Fisons model GC-8160 gaschromatograph (Italian Fisons, I -20100 Milan, Italy) equipped with a split-splitless injector, a ZB Wax fused silica column (30 m, 0.53 mm, i.d, 0,50 μm film thickness; Zebron, Phenomenex, Torrance, CA, USA) and a flame ionization detector (FID) connected to a Chromquest signal acquisition and data reporting (Thermoquest, Milan, Italy). The carrier gas was helium at a linear velocity of 250 mm/s. The operating temperature of injector and FID were respectively Values in a row followed by the same letter are not significantly different, according to Tukey's test at P ≤ 0.05 n.s: not significant. 250 °C and 280 °C. The sample injection (1/μl) mode was split with a ratio of 1:100. The oven temperature programme was 165°C for a duration of 3 min, raised to 220 °C by 1.5 °C/min. A commercial standard mixture (Larodan Fine Chemicals, Malmo, Sweden) of fatty acids methyl esters was used for calibration and for obtaining the correction factors to compensate for the different sensitivity of FID to each fatty acid (Gargano and Toppino, 1981) .
Statistical analysis
The data set consisted in 48 cases (six blocks each of 8 pots where the sunflower plants were grown), 9 biometric and production parameters (Tab. 2), and 9 chemical parameters, i.e. the fatty acids C16:0, C18:0, C18:1, C18:2, C18:3, C20:0, C20:1, C22:0, C24:0. The cases were classified into eight groups of six, according to the seven different doses of WP used in the experiment, plus the control. Principal component analysis (PCA) was used to explore the influence of the different amounts of WP used on the fatty acids profile of sunflower seed oil. This multivariate method is used for preliminary analysis to acquire a general view of the problem (Massart et al., 1988) . The results of PCA can be graphically represented in two dimensional plots (see Fig. 1) , showing the relationships among variables (loading plot), among cases (score plot), and between cases and variables.
The data were subjected also to the ANOVA procedure of the M-STAT statistical package (ver. 21, Crop and Soil Science Department, Michigan State University) to test the effects due to the incorporation of olive pomace. Differences between means were compared according to the Tukey's test. Regression analysis (Jump Statistical software by SAS Institute) was performed to validate the microwave oil extraction method with respect to traditional procedure by Soxhlet.
Results and discussion
The results obtained from this study on the spreading of non-fermented WP on a bare soil prepared for sunflower crop allow for the following conclusions to be drawn: the high moisture and oil contents in the waste caused some difficulties during both spreading and in the subsequent homogenisation with the soil, inducing phytotoxicity in the treatments with high waste application ) to the seedlings since emergence, which is in agreement with previous works (Paris, 1998; Bonari et al., 2001; Casa et al., 2001) .
The seedlings of the treatments receiving high quantities of WP showed a reduced and a slower growth compared to those that had received lower amounts of WP, especially during the very early growing stages (germination-emergence). In addition, throughout the different growth stage, crop diversity was observed as related to the increasing amount of WP, extension of the growth stages and shortening of the reproductive phases, with a faster and earlier embryo development and lipid accumulation was also observed, in agreement with what is reported for this species grown under stress conditions caused by olive waste (Paris, 1998) , water deficit (Baldini et al., 2000 and Santonoceto et al., 2003) .
The applied treatment has not affected some tested parameters (plant density, plant height) (Tab. 2), whereas others (shoot dry biomass, calathide diameter and weight, seed number per calathide, yield and mean weight of seeds) (Tab. 2) have shown statistically significant differences expressed by a negative trend in a response to an increased quantity of the applied olive waste. However, for the treatments receiving low quantities of WP (17.5-35.0 Mg ha -1 ), shoot dry biomass yield and seed yield with its components were not statistically different from the control (Tab. 2).
Sunflower was negatively affected by the application of WP starting from 70 Mg ha -1 (21% reduction in seed yield as compared to the control) but did not show any yield reduction in the range of 105-140 Mg ha ) (reduction in seed yield by 38 and 39% respectively as compared to the control treatment). These differences in yield are mainly attributable to the mean weight of seeds and the calathide size. The control, as compared to the treatments with an application of 70 and 210 Mg ha -1 of WP, has shown a higher mean seed weight (by 26 and 44%) and a greater calathide diameter (by 12 and 23%) (Tab. 2). Francois (1986) attributed the yield reduction of sunflower submitted to salt stress (< 10.2 dS m -1 ECe) to the lower number of seeds per calathide due, in turn, to the calathide size, to the number of flowers or aborted seeds per flower, whereas it did not show any substantial difference in the mean weight of seeds. An opposite trend was instead observed for seed oil yield: it increased by 17% as compared to the control, when 210 Mg ha -1 of WP was applied. When the waste application rate increased, and as a result of the compensation induced by the reduction in seed yield and the increase in oil yield, the highest oil yield per plant (54.7 g) was found in the crop submitted to an application of 35 Mg ha -1 of WP (Tab. 2). To have a general perspective of the effect of the soil incorporation of different amounts of WP on the fatty acids profile, and to learn more about the correlations among the fatty acids measured in the sunflower oil seeds, the analytical data were subjected to PCA. Figure 1 shows the bi-centred projections of the scores of the examined samples and the loads of the measured fatty acids on the plane of the first two principal components displaying the 70.8% of total variance. In this representation, all the 48 samples were subdivided into eight distinguishable groups, each comprising the six replicate samples submitted to the treatment with the same dose of WP, and displaced from the right side to the left side of Figure 1 in the order corresponding to an increasing amount of WP used in the experimental trial.
The plot of the loadings of the measured fatty acids in Figure 1 emphasizes the individual role of the variables in separating the groups. The fatty acids C16:0, C18:0, C18: 1, C20:0, and C22:0 contributed mainly to separate the groups of samples corresponding to lower amounts of WP, while the fatty acids C18:2, C18:3 and C20:1 contributed to separate the groups corresponding to higher doses of WP. This means that soil incorporation of the increasing doses of WP affected the fatty acids composition in the oil of the sunflower seeds: with respect to the control, the levels of palmitic, stearic, oleic, arachic, beehnic acids and saturated fatty acids fraction decreased; the levels of linoleic, eicosenoic, and linolenic acids increased. The levels of beehnic and lignoceric acids and the unsaturated fatty acids fraction were unaffected by the trial.
The variations of the fatty acids are quantitatively deducible from the results reported in Table 3 . With respect to the control and the samples where higher doses of WP were submitted (210.0 Mg ha -1 ), the percentage compositions of palmitic, stearic, oleic and arachic acids diminished by 6.3%, 9.5%, 5.4% and 22.2%, respectively while it increased in the linoleic, eiocosenoic and linolenic by, respectively, 6.6%, 23.5%, and 35%. The satured fatty acids fraction decreased by 7.5%, the unsatured fraction remained constant, mostly because of the inner conversion of oleic into linoleic acid. This result, probably, is due to an enhancement of ∅-12 desaturase enzyme activity, which is responsible for the conversion of the oleic acid into linoleic acid. (Garcès and Mancha, 1989) .
Conclusions
Little attention has been allocated in the literature to the importance of the agronomic factors on the acids' composition of sunflower yield, notably on the effect of olive waste incorporation.
The data obtained reveal that in Mediterranean environments, the application of this oil industry by-product to the soil and before sunflower seeding causes crop non-uniformity as influenced by the applied waste rates.
The soil incorporation of 35 Mg ha -1 of WP is well tolerable by the crop, expressed by any yield reduction as compared to the control treatment. Increasing amounts of waste (till 140 Mg ha -1 ) induce an increase in the seed oil yield. Therefore, as the incorporated WP rate is higher as a result of the consequences induced by the seed yield reduction and the oil yield increase, the highest oil yield (54.7 g plant -1
) combined with a high oleic acid content was observed for the crop submitted to a spreading of 35 Mg ha -1 . The olive pomace has also caused a variation in fatty acids oil profile. A significant reduction in oleic acid content and a significant increase in linoleic acid amount were observed. It is important to emphasize this variations because oleic and linoleic acids represent the principal fatty acids (beyond 90% of total fatty acids content) and they affect the main nutritional and technological properties of oil. In fact, linoleic acid is considered an essential fatty acid (Holman et al., 1988) , whereas a high oleic acid content encourages a high oxidative stability (Lagravère et al., 1998) .
